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ABSTRACT
Late Quaternary Dragon Lizards (Agamidae: Squamata) from Western Australia
by
Julie Rej
Fossil Agamidae from Western Australia have been the subject of limited study. To aid in fossil
agamid identification, Hocknull (2002) examined the maxilla and dentary of several extant
species from Australia and determined diagnostic characters for various species groups. In the
study here, fossil agamids from two localities in Western Australia, Hastings Cave and
Horseshoe Cave, were examined, grouped, and identified to the lowest unambiguous taxonomic
level. Morphometric analyses were conducted to compare morphotypes, and find additional
diagnostic characters. From Hastings Cave there were two maxilla morphotypes and three
dentary morphotypes. Based on identifications, taxa present at this locality were Pogona and
Ctenophorus. Horseshoe Cave contained three maxilla morphotypes and two dentary
morphotypes; taxa present were Pogona, Tympanocryptis, and Ctenophorus. Morphometric
analyses showed separation between groups; however, the dentary morphotype separation was
not as clear. Each morphotype identification matched a species in the respective localities today,
but identifications are cautious.
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CHAPTER 1
INTRODUCTION
Agamidae (Reptilia: Squamata) is a family of acrodont iguanian lizards commonly
known as dragons. Extant agamids are distributed across portions of the Old World (Africa,
Asia, and Australia) (Vitt and Caldwell 2009), and fossil forms are known from China,
Mongolia, the Middle East, Belgium, France, southeastern Europe, northeastern Africa,
Wyoming (USA), and most notably Australia (Covacevich et al. 1990). Research on agamids,
both extant and fossil, is extremely limited. Osteology of extant forms is not well understood
due to the lack of skeletonized specimens in museum collections (Bell and Mead 2014), making
fossil identification and research limited.
Squamate osteological and fossil research is crucial to understanding their evolutionary
history. Thus, this information is invaluable to herpetologists as they examine conservation
issues related to extant taxa. Effects of climate change on squamates are not yet clear, but
recognizing past changes in biogeography could provide insight on the current effect climate has
on extant populations. Squamates might have potential to be important climate indicators, proxy
data, complementary to the small mammal records. In order to answer these bigger questions
about lizard diversity in response to climate change, evolution, and conservation, their fossil
record must be examined and their skeletal morphology understood. The project here-focuses on
late Quaternary Agamidae from Western Australia.
The study here examines fossils of late Quaternary agamids from two cave sites
(Hastings, and Horseshoe caves) from Western Australia. Fossil specimens analyzed consist of
the maxilla and dentary, since these are the most commonly recovered and recognized bones.
The goal of this project is to group specimens based on overall morphology, and then identify
8

these groups to the lowest unambiguous taxonomic level. Morphometric analyses are used to
test the validity and determine significant characters of each morphologically distinct group, or
morphotype. In addition, ontological changes are studied using the East Tennessee State
University (ETSU, Johnson City) agamid collection to better assess the fossil forms, and the
morphology of a few major genera used for comparison with morphotypes.
Since few if any late Quaternary fossil agamids from Western Australia have been
thoroughly described or studied, the details of their fossil record is questioned. How many clear
morphotypes will be present? Can the morphotypes be identified to a genus or to several genera?
Will the morphometric analyses show any separation between groups? Does the morphology of
the fossils reflect their ecology? Are the fossil forms clearly different morphologically from any
of the extant species currently living at or nearby the localities? Based on the ontological
differences, are the morphotypes juvenile, adult, or a mix? If there is a clear difference between
the extant and fossil forms, can any conclusions be made about climatic changes?
Marsupial assemblages from Hastings, Horseshoe and neighboring caves, indicate that
climate and environments shifted significantly in Western Australia since the late Pleistocene
(Lundelius and Turnbull 1978; Lundelius 1983; Baynes 1982; Prideaux et al. 2007; Prideaux and
Warburton 2009). Deeper layers of sediment from Hastings Cave and Madura Cave (a cave
similar in age and close to Horseshoe Cave (Figure 1)) contained species no longer present in the
area, while the top layers have an assemblage similar to the modern. Missing species are adapted
for conditions different from the modern, so they are an indicator of climate change. With this
knowledge, it is predicted that agamid specimens from the deeper layers will indicate some
differences in species from the modern, and the specimens from the top layers will be more
similar to the modern. Considering conclusions about mammalian data in Lundelius and
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Turnbull (1978), the older fossil assemblage of agamids from Horseshoe cave are predicted to
have species adapted to more humid conditions, or comparatively less species over all since the
majority of Australian agamids are adapted to arid or semi-arid conditions (Covacevich et al.
1990). Considering Baynes (1982), it is predicted that older deposits of agamids from Hastings
Cave will contain species adapted to much drier conditions, and/or more morphological groups
(Covacevich et al. 1990).
This project will expand the osteological understanding of agamids in Western Australia.
Other than the preliminary work produced by Gray et al. (2015), there are few published
descriptions of late Quaternary fossil agamids from Western Australia, as a result, there is no
fossil record for most taxa. A clear difference between the modern and fossil assemblage could
be potential evidence of squamate range shifts which may be related to a response in climate
change (Gray et al. 2015).
East Tennessee State University collections temporarily house fossil lizards from a
number of cave sites in Western Australia (on loan from the Western Australian Museum, WAM
to Jim Mead). Hastings and Horseshoe caves were analyzed here because they have a good
sample size of agamid lizard skeletal remains. Hasting Cave is located on the west coast, near
Jurien Bay, and Horseshoe Cave is located on the southern coast along the Nullarbor Plain
(Figure 1). Examining fossil assemblages from both the west and southern coasts should be
insightful because the modern habitats and climate are quite different between the two locations,
and the apparent effects of climate change were different/distinct (Lundelius 1978; Baynes
1982). Other cave localities (e.g., Madura, Webb’s, Skull, Cocklebiddy, Yallingup, Tunnel, and
Tight Entrance caves) were excluded from this study due to small, unknown, or non-existent
sample size of fossil agamids. Devil’s Lair Cave (located on Cape Naturalist of southwestern-
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most WA) is excluded due to an overabundance of agamid remains, and should be studied later in
a more extensive and detailed analysis once a base-line study is completed.
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CHAPTER 2
BACKGROUND

Agamidae Synapomorphies & Phylogenetics
Agamidae possess all the diagnostic synapomorphies of Acrodonta but lack all or some
diagnostic characters of Chamaeleonidae (Estes and Pregill 1988). There are several cranial
synapomorphies listed for Acrodonta; the most obvious of which is the non-replaceable acrodont
teeth on the maxillary and dentary which are positioned posterior to the few anterior pleurodont
teeth. Originally, Moody (1980) listed agamid synapomorphies, but Estes and Pregill (1988)
argued that these synapomorphies where insufficient or weak. Characters were identified by
these authors as weak if they were not present in all agamid species, and a character was
identified as insufficient if it was shared with chamaeleonids. Both of these issues would suggest
a paraphyletic relationship amongst agamids (Estes and Pregill 1988).
The relationship amongst Agamidae and Chamaeleonidae is still not agreed upon
(Gauthier et al. 2012; Pyron et al. 2013). According to a morphological analysis, Agamidae is
divided into two distinct clades: Agaminae and Leiolepidinae. Gauthier et al. 2012 suggest that
Agamidae is paraphyletic; Agaminae is sister group to Chamaeleonidae, and Leiolepidinae is the
out group. Agaminae contains the majority of the extant genera. Leiolepidinae contains
Leiolepis and Uromastyx; these two agamid genera are considered to have the most primitive
characteristics and do not occur in Australia. The phylogenetic analysis using morphological
traits conducted by Gauthier et al. (2012) lacks almost all Australian agamids, but included
species are shown to have a paraphyletic relationship.
In another study, 12 genes were analyzed to determine the phylogenetic status of

12

Squamata, resulting in Agamidae being subdivided into five subfamilies (Pyron et al. 2013).
This analysis included the majority of Australian agamid species, and all belong to the subfamily
Amphibolurinae. In the study by Pyron et al. (2013), the most basal Amphibolurinae is
Physignathus cocincinus (Chinese water dragon), which is known only in southern Asia. The
next most primitive Amphibolurinae is Hypsilurus (rainforest dragon), which is known only in
the subtropical and tropical rainforests of eastern Australia (Wilson and Swan 2013). The
remaining genera of Amphibolurinae are known to live only in Australia, supporting a
monophyletic relationship between all Australian species (Pyron et al. 2013). A monophyly
suggests a single immigration into Australia of an outside population which then radiated into all
extant Australian genera (Covacevich et al. 1990).
Agamidae Fossil Record
Based on early distribution patterns of lizards, agamids originated in the late Cretaceous
in southern ‘Eurasia’ (Covacevich et al. 1990). The earliest agamid appears in the Australian
fossil record in the Miocene. Overall, the agamid fossil record is poorly understood, especially
in Australia. Covacevich et al. (1990) described 30 agamid specimens from the deposits at
Riversleigh (northwestern Queensland). The majority of the fossils were identified as
Physignathus, an extant genus known only to Asia. In the earlier Miocene, Riversleigh was a
lush rainforest (Archer et al. 2000). About 15 million years ago the Australian plate collided
with the various plates to the northeast. This continuing action forms the New Guinea highlands
which allowed for select species to disperse between Australia and Asia, and presumably during
this time Physignathus dispersed from Asia to Australia (Covacevich et al. 1990). By the late
Miocene, rainforests declined and grasslands spread. The increase in aridity was partially due to
the reduction in Central and Northern Australia rainfall, and a period of rapid global cooling
13

(Archer et al. 2000). The original agamid immigrants to Australia diversified in the moist
environment (Hugall et al. 2008). When the environment became more arid, the Australian
agamids rapidly evolved and flourished in the new habitats. Today, the majority of Australian
agamids are adapted to arid or semi-arid conditions (Covacevich et al. 1990; Wilson and Swan
2013).
Most of the Australian agamid fossil record is known from the Pleistocene (Covacevich et
al. 1990), however, little conclusive work has been accomplished. Gray et al. (2015)
preliminarily describe and identify Pleistocene agamids from Kelly Hill Caves of Kangaroo
Island and Naracoorte Caves of southeast Australia. The study on southeastern Pleistocene
agamids shows some of the first evidence of squamate range shifts in response to apparent
climate change. Currently, there are no fossil Agamidae descriptions from Western Australia
despite the great diversity of modern taxa in this region – an issue that needs attention.
Modern Agamidae
Agamidae is well represented in Western Australia with 11 genera and 50 species
currently (Wilson and Swan 2013). A majority of the species present are within the genus
Ctenophrous (21 species) and Diporiphora (15 species). The 11 genera from Western Australia
are quite diverse and occupy a variety of habitats ranging from the arid desert of the southern
Nullarbor to the tropical woodlands of the north. Most agamid diversity is in the north and
interior, with the highest number of species in the center of the state. Coastal regions generally
have lower diversity, and the southwestern region with its dense forests and winter-dominant
rainfall regime has the least amount of diversity. Variation in ecology results in variation in
morphology and behavior. Modern agamid diversity in Jurien Bay and the Nullarbor Plain is
relatively low, and both locations have roughly 4 genera and 6 species present, however the
14

species present differ between Hastings and Horseshoe cave areas. In the Horseshoe Cave area,
the species present are: Amphibolurus norrisi (barely), Ctenophorus chapmani, C. maculatus, C.
pictus, Pogona nullarbor, and Tympanocryptis houstoni. In the Hastings cave area the species
present are: Ctenophorus adelaidensis, C. maculatus, C. nuchalis, Gowidon longirostris (barely),
Moloch horridus (barely), and Pogona minor.
Maxilla and dentary line drawings of most of the aforementioned species are originally
shown in Hocknull (2002) (Figures 1 and 2). All species previously mentioned, as well as
several other species were analyzed and described by Hocknull (2002); some however, were not
pictured. In this paper, Hocknull listed some species under a previous genus or species name and
others were determined to be in the same species group. In addition to a framework for
identification, he draws attention to the differences between juvenile and adults and between the
sexes. Juveniles are distinguished by their large and unworn acrodont teeth and fragile
translucent margins. Only a few species show sexual dimorphism (Ctenophorus maculatus, C.
pictus, and Tympanocryptis intima), in which the males have distinctively larger maxillary
caniniform pleurodont teeth.
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Figure 1. Maxilla (labial view) of agamid species (modified from Hocknull, 2002) found at
research localities (Hastings and Horseshoe cave) in present day (not pictured: Pogona
nullarbor). A, Amphibolurus norrisi, x3.90; B, Ctenophorus maculatus, x6.3; C, Ctenophorus
pictus, x5.54; D, Ctenophorus nuchalis, x4.6; E, Rankinia diemensis (Ctenophorus adelaidensis
and C. chapmani), x6.3; F, Lophognathus longirostris (Gowidon longirostris), x4.0; G, Moloch
horridus, x5.6; H, Pogona minor, x3.15; I, Tympanocryptis lineata (T. houstoni), x6.2.
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Figure 2. Dentary (lingual view) of agamid species (modified from Hocknull, 2002) found at
research localities (Hastings and Horseshoe cave) in present day (not pictured: Amphibolurus
norris, Pogona minor, and P. nullarbor). A, Ctenophorus isolepis (C. maculatus), x2.0; B,
Ctenophorus pictus, x2.0; C, Ctenophorus nuchalis, x2.0; D, Rankinia diemensis (Ctenophorus
adelaidensis and C. chapmani), x3.0; E, Lophognathus longirostris (Gowidon longirostris), x1.6;
F, Moloch horridus, x2.0; G, Tympanocryptis lineata (T. houstoni), x20.
Amphibolurus has elongate limbs and tail is usually found in wooded areas that have a
semi-arid climate and are semi-arboreal (Wilson and Swan 2013). Their long hind limbs enable
them to run quickly in a bipedal stance when threatened. Amphibolurus norris (mallee tree
dragon) (Figure 1.A) inhabits heath and spinifex shrubland. Gowidon, another agamid genus,
also has long limbs and a long slender tail that is three times the SVL (snout-vent length) (Wilson
and Swan 2013). Due to their elongated limbs, they will also flee bipedally when threatened.
Gowidon longirostris (long-nosed dragon) (Figure 1.F and 2.E) has a distinctly long snout and
will typically bask on tree trunks and branches found along gorges and ephemeral watercourses
(Wilson and swan 2012).
Ctenophorus is the most specious agamid in Australia and is typically found in dry to arid
climates; habitat varies between species (Wilson and Swan 2013). Ctenophorus chapmani
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(southern heath dragon) (Figure 1.E and 2.D) and C. adelaidensis (western heath dragon) (Figure
1.E and 2.D) are small with short limbs and slowly scamper amongst the low lying shrubs and
tussocks. C. maculatus (spotted military dragon) (Figure 1.B and 2.A) forage in the opened
sands between shrubberies, when threatened, they hide in the vegetation (Wilson and Swan
2013). Ctenophorus nuchalis (central netted dragon) (Figure 1.D and 2.C) and C. pictus (painted
dragon) (Figure 1.C and 2.B) are characterized by the short, round or deep heads. These species
will typically perch at a low level, and create burrows at the base of shrubs for hiding (Wilson
and Swan 2013).
Moloch horridus (thorny devil) (Figure 1.G and 2.F) is the sole member of its genus and
has an unusual appearance (Wilson and Swan 2013). They are small, robust, and have short
limbs and tail; as a result they walk with a slow, jerky gait. Their diet consists purely of microants, and they have a distinct maxilla and dentition (Bell et al. 2009). A portion of the tooth row
crowns rotate lingually, with the posterior teeth point 60-80o towards the midline of the skull.
They live in arid to semi-arid sandy regions.
Pogona are typically moderate to large in size, have short limbs, and weakly to strongly
dorsally depressed bodies (Wilson and Swan 2013). Pogona successfully live within urban
areas. They are semi-arboreal and typically perch on tree limbs and stumps. Their diet consists
of small vertebrates and invertebrates as well as a variety of plant matter. When threatened
Pogona will puff out the beard, flatten its body, and mouth gape. Pogona minor (dwarf bearded
dragon) (Figure 3.H) has a poorly developed beard and a moderately slender head. Pogona
nullarbor (Nullarbor bearded dragon) is robust, strongly depressed, and has a moderately weak
beard. Both species inhabit shrublands, however, P. minor is also adapted to the woodlands.
Tympanocryptis (earless dragon) is easily identified by the lack of a tympanum (Wilson
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and Swan 2013). This group is terrestrial and only perches on low surfaces such as stones.
Tympanocryptis houstoni (Nullarbor earless dragon) (Figure 1.I and 2.G) has an indistinct neck
which is as broad as the base of the head. This species is distributed across the Nullarbor Plain
and can be found on the clay soils of the chenopod shrublands (Wilson and Swan 2013).
Jurien Bay Past & Present
Hastings Cave is an inclined fissure cave that lies at 30o15'S latitude and 115o05'E
longitude and is about 5 km inland from the modern coast of Jurien Bay (Baynes 1982). Today,
the habitat of Jurien Bay is mostly heath shrubs, the annual rainfall is 533.2 mm, annual
maximum temperature is 24.9 oC, and the annual minimum temperature is 13.1 oC
(www.bom.gov.au 2/15/16). Hastings Cave was originally studied by Lundelius in 1960, but
Baynes (1982) conducted a more thorough investigation in which he concluded the west coast
had progressed eastward and reached its current location 6,000 years ago. The sea shore was last
at this level about 30,000 years ago (Baynes 1982). This conclusion is apparent by the reduction
in area of quartz substrate and a buildup of calcareous sand (Baynes 1982). Baynes identified
mammals from 10 different layers within Hastings Cave; the layers span from 11,400 years BP
(before present) to the present. Overall, the mammals showed simple trends in abundance, and
over time, six species that are present in the oldest layers disappear from the younger layers.
These species were identified and found to be occurring in arid parts of the southwest but absent
in the forested regions. Baynes (1982) suggests the disappearance is due to an increase in winter
rains brought on by the encroaching sea coast. Also, changes in ecology could have occurred
since past vegetation required a quartz substrate and the flora was not adapted to the salt laden
winds (Baynes 1982).
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The Nullarbor Past & Present
The Nullarbor Plain today is a treeless desert, with an annual rainfall of 248.3 mm and
annual temperatures ranging from 10.8 oC to 23.8 oC (www.bom.gov.au 2/15/16). Horseshoe
Cave lies within the Nullarbor on the Hampton Table, close to the southern coast, and fossils
from the site were first described by Archer in 1974. Archer excavated three trenches and dated
the layers using radiocarbon dating on bone and associated charcoal within each trench; the age
ranges from 3,570 to 15,800 years BP. Madura Cave is to the southwest of Horseshoe Cave and
is thought to be similar in age. Madura Cave has been thoroughly researched; results are used as
a proxy for the climate conditions of neighboring Horseshoe Cave. Several units in Madura
Cave have been excavated and radiocarbon dates indicate an age of 470 to 37,880 years BP
(Lundelius 1983). The mammal assemblage of Madura Cave was first described by Lundelius
and Turnbull in 1978. Three species of marsupials found in the older units at Madura were
identified as species not living in the Nullabor today, but currently live in the more humid
southwestern and southeastern parts of Australia. Lundelius (1983) hypothesized that the
Nullabor plain must have had a wetter climate 15,000 to 30,000 year BP. During this time,
humid adapted animals were able to freely move between southeastern and southwestern
Australia. The conditions suitable for exchange would have disappeared about 18,000 to 16,000
years BP (Lundelius 1983).
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CHAPTER 3
MATERIALS & METHODS
All specimens are on loan from the WAM. Specimens are squamate remains that were
collected in the 1970s and then borrowed by Jim Mead in the 1990s. The material currently
resides in the ETSU paleontology collection and will be returned to WAM upon completion of
the project. A total of 94 specimens were analyzed; 50 specimens (24 maxillae and 26 dentaries)
from Hastings Cave and 44 specimens (18 maxillae and 26 dentaries) from Horseshoe Cave. For
this analysis, specimens from Horseshoe Cave were restricted to trench one. The whole
Horseshoe Cave sample would have been extremely large; trench one has a manageable sample
size, equivalent to the full sample size of Hastings Cave, and represents a wide range of ages.
From Hastings Cave there were 43 additional dentaries and 19 additional maxillae not included
due to weathering and fragmentation. Similarly, there were 37 dentaries and 20 maxillae not
analyzed from Horseshoe Cave trench one due to poor condition.
Since specimens were not cataloged, each was assigned a JER lab number ranging from 1
to 67. Specimens that were grouped together with a single provenience were given the same JER
number if identified to be the same morphotype. These same JER numbered specimens were
then given an A, B, or C assignment for distinction during data acquisition based on condition.
Specimens assigned to ‘A’ would be the most complete in that no teeth are missing, and
processes, such as the dorsal maxilla process, are intact with little to no damage. A ‘B’ specimen
would have some processes damaged or missing and most of its teeth. Specimen assigned a ‘C’
or lower has broken/missing processes and teeth (most notably the pleurodont teeth) missing.
Specimens were analyzed based on a variety of characters originally established by
Hocknull, 2002 (Figure 3). For the maxilla, these characters are: overall length, pleurodont tooth
21

count, size, shape, orientation, and spacing, acrodont tooth count, size, and spacing, number of
labial foramina, naris ridge prominence, dorsal maxilla process width/height ratio, slope angle,
and kink prominence, anterior margin hook prominence, shape of the prefrontal/maxillary suture
(PFMS), premaxillary/maxillary suture (PMS), palatine/maxilla suture (PAMS), and the
jugal/maxillary suture (JMS), anterior maxilla length/height ratio. Hocknull (2002)
quantitatively measures the dorsal maxilla process slope angle in relation to the longitudinal axis
of the maxilla. In the analysis here, the angle was described qualitatively in terms of shallow,
moderate, and steep. In the dentary, the characters are: overall length, pleurodont tooth count,
size, shape, orientation, and spacing, acrodont tooth count size, and orientation, number of labial
foramina, Meckel’s groove and dental sulcus orientation, symphysis size and shape, and
posterior dentary depth (height/width) ratio. Specimens were also identified as small (maxilla:
<11 mm; dentary: <14 mm), medium (maxilla: 11-18; dentary: 14-20 mm), or large (maxilla: 1850 mm; dentary: 22-50 mm) (Hocknull 2002). In the analysis here, dorsal maxilla process width
and height, anterior maxilla length and height, and posterior dentary depth (height and width) are
examined as ratios to make these characters more quantitative for comparative purposes.

22

A

B

C
D

E

F

Figure 3. Maxilla and Dentary showing the measurements and features analyzed (modified from
Hocknull, (2002). A, B, Maxillary measurements; C, D, Maxillary features; E, Dentary
measurements; F, Dentary features. Abbreviations: amh: anterior maxilla height, aml: anterior
maxilla length, dl: dentary length, dmk: dorsal maxilla kink, dmp: dorsal maxilla process,
dmpw: dorsal maxilla process width, dms: dorsal maxilla process slope, ha: anterior margin
hook, ds: dentary sulcus, jms: jugal/maxilla suture, lmf: labial maxilla foramina, mg: Meckel’s
groove, ml: maxilla length, nr: naris ridge, pams: palatine maxilla suture, pdd: posterior dentary
depth, pfms: prefrontal/maxilla suture, pmp: posterior maxilla process, pms: premaxilla/maxilla
suture, sym: dentary symphysis.
Each specimen was assigned to a morphotype group based on overall morphology.
Morphotypes were then identified to the lowest unambiguous taxonomic level. Illustrations and
descriptions by Hocknull (2002) are compared with each group to determine potential taxonomic
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classification. Every species described by Hocknull (2002) was considered for identification.
There is a possibility a morphotype could be a species not described by Hocknull (2002); this
was also a consideration.
Extant agamid skeletons were also analyzed for comparative purposes. In addition to
identification, these skeletons were used to assess ontogenetic changes. Features were tracked
from juvenile to adult, and results were used to assess the juvenile/adult breakdown of each fossil
group. For each specimen, one maxilla and one dentary were selected, and the same characters
established by Hocknull were scored. The extant collection included: eight specimens of
Ctenophorus scutulatus, four specimens of Pogona vitticeps, two specimens of Pogona minor,
and one Ctenophorus maculusus.
For the morphometric analysis, specimens in the best condition were photographed using
a camera equipped with a macro-lens. Maxilla specimens were photographed in labial view, and
dentary specimens were photographed in lingual view. Only one view was used for each bone
because the majority of landmarks were on the perimeter. Specimen orientation was consistent.
Maxilla and dentary photos were appended into two separate thin-plate-spline (tps) files using
tpsUtil (Rohlf 2016b). Next, the landmarks were placed on each specimen using tpsDIG2 (Rohlf
2016c) (Figure 4; Table 1; Table 2). To align the data, a Procrustes superimposition was run on
the data in tpsSuper (Rohl 2016a). Next, each set of data were analyzed using a Principle
Component Analysis (PCA) and a stepwise Discriminant Function Analysis (DFA) in SPSS
version 24 (IBM Corporation 2015). A PCA will show any initial separation between the
morphotypes. Data is subdivided based on which groups plot the closest to one another in the
initial PCA. Further PCAs are conducted on data subdivisions to reveal any additional
separation, and then a Stepwise DFA was conducted on the same subsets. The stepwise DFA
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conducted on groups of two or three revealed which characters are significant. The significance
level was left at the default value of 0.05.

A

B

Figure 4. A, maxilla land mark locations; B, dentarys land mark locations (modified from
Hocknull, 2002).
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Table 1. Description of landmark placement on maxilla.
Landmark

Location Description

1

Tip of anterior margin hook

2

Dorsal labial region of the PMS: point of maximum curvature

3

Ventral labial region of the PMS: point of maximum curvature

4

Anterior edge of the first pleurodont tooth

5

Posterior edge of the first pleurodont tooth

6

Anterior edge of the first acrodont tooth

7

Posterior edge of the first acrodont tooth

8

Anterior edge of the last acrodont tooth

9

Posterior edge of the last acrodont tooth

10

Ventral base of the JMS process: point of maximum curvature

11

JMS process: point of maximum curvature

12

Lacramole process: point of maximum curvature

13

Posterior edge of the dorsal maxilla process: point of maximum curvature

14

Anterior alignment with posterior edge of the dorsal maxilla process

15

Anterior base of the dorsal maxilla process: point of maximum curvature

16

Naris ridge/base of anterior margin hook: point of maximum curvature

17

Ventral alignment with lacromole process
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Table 2. Description of landmark placement on dentary.
Landmark

Location Description

1

Anterior edge of the first pleurodont tooth

2

Posterior edge of the first pleurodont tooth

3

Anterior edge of the first acrodont tooth

4

Posterior edge of the first acrodont tooth

5

Anterior edge of the last acrodont tooth

6

Posterior edge of the last acrodont tooth

7

Ventral alignment with the posterior edge of the last acrodont tooth

8

Coronoid facet: point of maximum curvature

9

Anterior most edge of the dentary symphysis: point of maximum curvature

10

posterior most edge of the dentary symphysis: point of maximum curvature

11

Anterior origination point of the Meckel’s groove

12

Anterior origination point of the dental sulcus

13

Posterior region of the dental sulcus: point of maximum curvature

From Hastings Cave, four specimens of maxilla group 1, six specimens of maxilla group
2, six specimens of dentary group 1, three specimens of dentary group 2, and eight specimens of
dentary group 3 were analyzed. From Horseshoe Cave, four specimens of maxilla group 1, five
specimens of maxilla group 2, six specimens of maxilla group 3, four specimens of dentary
group 1, and thirteen specimens of dentary group 2 were analyzed. There were 17 2-dimensional
landmarks placed on the maxillae, and 13 2-D landmarks placed on the dentaries. Landmark
locations were predominantly on the perimeter of the maxilla and dentary, with the exception of
a few dentary landmarks. It was important that each landmark was present on every specimen in
the analysis. The sample size for the morphometric analyses is quite small; therefore results
should be considered preliminary.
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CHAPTER 4
RESULTS

Hastings Maxilla Morphotypes
From Hastings Cave, there were two maxilla morphotypes. Hastings maxilla group one
(Hastings MAX1) consists of five specimens (Figure 5). Based on the layer data, the age range
of this group is 490-4,290 years BP (Baynes 1979). Overall maxilla length is from 14.0 - 20.5
mm, and the estimated size of this agamid would be large to medium according to Hocknull
(2002). This group consistently had 2 pleurodont teeth, with the first pleurodont tooth being
longer in some specimens, and the second longer in others. The first acrodont tooth was usually
shorter than both pleurodont teeth, except in the case of specimen JER24, where the first
acrodont tooth is longer than the second pleurodont tooth. Pleurodont teeth are caniniform,
recurved, and oriented straight. The pleurodont teeth are not closely oppressed to one another
and the presence of a diastema between the second pleurodont tooth and the first acrodont tooth
varies. Hastings MAX1 specimens generally have 10 or 11 acrodont teeth. The size of the
acrodont teeth vary from smaller anteriorly to larger posteriorly; however, wear is present in
some specimens. Acrodont teeth range in being very close to one another to moderately close.
On the labial side, the foramina count ranges from 4 to 6 and can be evenly spaced anteriormedial to medial, or they form slight groupings in the anterior-medial and medial region.
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Figure 5. Specimen (JER1) from Hastings maxilla group one. A, labial view; B, lingual view.
The naris ridge is visible in some specimens but minimal to not apparent in others.
Dorsal maxillary processes are only complete in two specimens (JER1 and JER24), and their
width/height ratio ranges from 0.66 to 1.5. The slope angle of the dorsal maxilla process is
moderately steep in some specimens while in others it’s extremely steep and nearly vertical with
a deep curve on the ventral base. For specimens that have a complete, or near complete dorsal
maxilla process, the prominence of the process kink is mild to moderately apparent. Anterior
margin hook is pronounced in most specimens and is distinguished as a thin recurved hook.
JER24 is the exception in that its hook is more of a small rounded bump. Prefrontal/maxilla
suture is missing in many specimens since they do not have complete dorsal maxilla process.
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For those that have complete process, the suture is fairly smooth and has three processes that
curve posteriorly. Premax/maxilla suture is generally rounded, smooth, and large, and the PAMS
is fairly straight although some have a slight wave-like process. Jugal/maxilla suture has a
distinct process that is not a sigmoidal shape and is usually found dorsally to the penultimate
tooth or posterior-most tooth. Based on specimens with a complete dorsal maxilla process, the
anterior maxilla length/height ratio ranges from 0.82 to 1.35.
Hastings maxilla group two (Hastings MAX2) (Figure 6) consists of 19 specimens and
have an age range of 490-13,410 years BP based on the layer data (Baynes 1979). Maxilla
length ranges from 6 - 9 mm which indicates this group is classified as a small-sized agamid
(Hocknull 2002). They range in having one to two pleurodont teeth, and typically the first
pleurodont tooth is the longest, followed by the second pleurodont tooth (if present), and the first
acrodont is generally shorter than either pleurodont tooth. In a few specimens, however, the first
pleurodont tooth can be similar length to the second pleurodont tooth or first acrodont tooth.
Pleurodont teeth are caniniform and orientation is usually straight, but in some specimens the
pleurodont teeth are oriented anteriorly and in more rare instances orientation is posterior. The
spacing is generally close between pleurodont teeth and the first acrodont tooth. Acrodont tooth
count ranges from 9 to 12 and size is fairly similar from anterior to posterior in some specimens.
In others, the teeth gradually get larger posteriorly, but in a few, the posterior most teeth are
relatively smaller to the rest. A few specimens show heavy wear in their acrodont teeth. Spacing
between acrodont teeth is close. Labial foramina count varies from 2 to 5 and they are typically
evenly spaced from the anterior region to the medial region, or form two distinct groupings in the
anterior region and medial region. In a few specimens, the foramina are only located in the
medial region.
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Figure 6. Specimen (JER28a) from Hastings maxilla group two. A, labial view; B, lingual view.
A naris ridge is generally present, however, its prominence ranges from distinct to
minimal, and its shape is more flat rather than curvy. Dorsal maxilla process is fully intact on
several specimens and its width/height ratio ranges from 0.56 to 1.0. The slope of the process
ranges from moderately steep to extremely steep and nearly vertical. The ventral region below
the processes is curved then flattens anteriorly away from the process. The dorsal maxilla
process kink is usually apparent and ranges in being prominent to minimally visible. Anterior
margin hook is usually thin but on occasion is small and rounded. The hook is minimal and
points dorsally, but in some specimens, points anteriorly. Prefrontal/maxilla suture usually has
two (rarely three) processes that are small, even is size, and round (rarely triangular).
Palatine/maxilla suture is small and round, and the PAMS has a slight wave-like process which is
a bit more distinct in a few specimens. Jugal/maxilla suture has a slight process (not sigmoidal)
and varies in location from above the fifth to posterior most tooth to above the posterior most
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tooth. Anterior maxilla length/height ratio ranges from 0.67 to 2.0.
Hastings Dentary Morphotypes
From Hastings Cave there were three dentary morphotypes. Hastings dentary group one
(Hastings D1) (Figure 7) contains 11 specimens and has an age range of 4,290-13,410 years BP
(Baynes 1979). Dentary length is from 6.25 - 7.2 mm and the resulting size would be a small
agamid (Hocknull 2002). Consistently there are two pleurodont teeth present. In several
specimens these teeth are worn but generally the second pleurodont tooth is the longest, but in a
few specimens it is equal in size to the first pleurodont tooth. Pleurodont teeth are caniniform
and are oriented anteriorly; the first pleurodont tooth more so. In a few specimens the second
pleurodont tooth is slightly recurved. In most specimens, there is a slight diastema between the
first and second pleurodont tooth, and the second pleurodont tooth and the first acrodont tooth
are close with little to no spacing. Acrodont tooth count ranges from 10 to 12 and are fairly even
in size; however, some specimens show slightly larger posterior teeth. Several specimens show
heavy wear in the anterior most teeth, and a few specimens’ first acrodont tooth is reduced.
Overall, acrodont teeth are orientated straight. The labial foramina count varies from 3 to 5.
Foramina are located from the anterior to the medial region and are evenly spaced in some
specimens, while other specimens’ foramina form separate clusters in the anterior or anteriormedial region and the medial region. The Meckel’s groove and dental sulcus are parallel to each
other and run fairly straight in the anterior and medial region. Posteriorly, the groove and the
sulcus vary by remaining relatively straight or they slightly curve dorsally. The dentary
symphysis is usually oval in shape and the posterior most region of the symphysis typically
extends to the second pleurodont tooth. Posterior dentary depth (height/width) ratio ranges from
1.83 to 2.38.
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Figure 7. Specimen (JER16) from Hastings dentary group one. A, lingual view; B, labial view.
Hastings dentary group two (Hastings D2) (Figure 8) consists of only three specimens
that are of unknown age. Dentary length ranges from 6.2 - 8.8 mm which correlates to a small
agamid (Hocknull 2002). There are one to two pleurodont teeth, all of which show too much
wear to comment on their length. Orientation of pleurodont teeth is also not clear but they
appear to point anteriorly. Spacing between pleurodont teeth is not too clear, but the second
pleurodont tooth appears close to the first acrodont tooth. Acrodont tooth count ranges from 10
to 12 and the teeth gradually enlarge posteriorly; however, in specimen JER8b, the acrodont teeth
are all similar in size. Orientation of all acrodont teeth is straight. Labial foramina count ranges
from 4 to 5 and are evenly spaced anteriorly to medially. Specimen JER10 foramina are not
evenly spaced but form two separate groups; three located anteriorly and 2 located posteriorly.
Meckel’s groove and dental sulcus are parallel to each other and runs straight in the anterior and
medial region. In specimens JER8a and JER10, the posterior region of the groove and sulcus
slightly curve dorsally, but JER8b remains straight in the posterior region. The dentary
symphysis is oval, and the posterior most edge of the symphysis extends to the first acrodont
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tooth. The posterior dentary depth (height/width) ratio ranges from 1.9 to 2.47.

A

B

Figure 8. Specimen (JER8a) from Hastings dentary group two. A, lingual view; B, labial view.
Hastings dentary group three (Hastings D3) (Figure 9) is represented by 12 specimens
and has an age range of 4,290-13,410 years BP (Baynes 1979). Dentary length ranges from 9.9 16.5 mm which equivalates to a small to medium-sized agamid (Hocknull 2002). Generally,
there are two pleurodont teeth present but a few specimens contain only one. In the majority of
specimens, the second pleurodont tooth is longer than the first pleurodont tooth, which is longer
than the first acrodont tooth. In a few specimens the pleurodont teeth are either the same size, or
the first pleurodont tooth is larger. Also, on occasion, the second pleurodont tooth can be equal
in size to the first acrodont tooth. Pleurodont teeth are caniniform, orientated anteriorly, and
closely oppressed to one another as well as with the first acrodont tooth. Acrodont tooth count
ranges from 10 to 13 and size range from smaller anteriorly to larger posteriorly; however, some
specimens exhibit wear in the anterior most teeth. The change in acrodont tooth size is more
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gradual in some specimens. Acrodont teeth orientation is straight, but specimen JER14’s anterior
most acrodont teeth point slightly anteriorly. Labial foramina range from 4 to 6, and in most
specimens the foramina are grouped into two clusters located anteriorly and medially. A few
specimens’ foramina are evenly spaced out from the anterior region to the medial region.
Meckel’s groove and dental sulcus run straight and parallel in the anterior and medial region.
Posteriorly both the groove and sulcus curve dorsally, but the sulcus appears slightly more
curved. The dental symphysis is a square to rectangular shape which appears slightly rounded in
a few specimens. The symphysis’ posterior most edge usually extends to the first or second
pleurodont tooth. The posterior dentary depth (height/width ratio) ranges from 1.76 to 3.7.

A

B

Figure 9. Specimen (JER19) from Hastings dentary group three. A, lingual view; B, labial view.

Horseshoe Maxilla Morphotypes
From Horseshoe Cave, there are three morphotypes present. Horseshoe Cave maxilla
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group one (Horseshoe MAX1) (Figure 10) consists of four specimens. The majority of
specimens come from a depth of 10 - 100 cm, which correlates to an age of less than 5,630 ± 120
years BP (Archer 1974). JER 36 was excavated from a depth of 230-240 cm which represents an
age greater than 5,639 ± 120 but less than 15,800 ± 1,800 years BP (Archer 1974). Maxilla
length ranges from 15.0 - 21.05 mm which correlates to a medium to large agamid (Hocknull
2002). Each specimens has two pleurodont teeth; however, teeth are either worn or missing.
Present pleurodont teeth are always noticeably longer than the acrodont teeth. Specimen JER53
contains both pleurodont teeth, and the second tooth is longer than the first. Pleurodont teeth are
caniniform but blunt and orientation varies between straight, slightly posterior, and slightly
anterior. There is no spacing amongst pleurodont teeth or between pleurodont and acrodont
teeth. Acrodont tooth count ranges from 9 to 12. Anteriorly, the acrodont teeth are smaller and
enlarge posteriorly; however, some wear is visible. Spacing between acrodont teeth is minimal,
but specimen JER59 displays a slight diastema between each tooth. Labial foramina are often
difficult to see, but specimens with visible foramina have between 4 and 5. Foramina are located
anterior-medially or medially.
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Figure 10. Specimen (JER36) from Horseshoe maxilla group one. A, labial view; B, lingual
view.
Naris ridge is visible, but its prominence is usually minimal. Dorsal maxilla process
width/height ratio ranges from 0.345 to 0.71.

Slope angle of the process is moderate to slightly

steep, and the kink is minimally visible. Anterior margin hook is triangular and skinny with a
dorsal orientation. In Specimen JER58, the anterior region has two round bumps ventral to the
hook. Prefrontal/maxilla suture has two processes that are triangular in some specimens and
round in others. Processes are orientated dorsally. Premax/maxilla suture is large and round.
Palatine/maxilla suture is straight with a process that is either a small bump or a distinct triangle.
Jugal/maxilla suture has a distinct sigmoidal shaped processes that is aligned over the
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penultimate or posterior most tooth. Anterior maxilla length/height ratio ranges from 0.74 to
0.96.
Horseshoe maxilla group 2 (Horseshoe MAX2) (Figure 11) contains seven specimens.
Half of the specimens were collected from a depth of 10 - 100 cm which correlates to an age that
is less than 5,630 ± 120 years BP (Archer 1974). Specimens JER37a and JER37b were collected
230 - 240 cm below the surface which has an age greater than 5,630 ± 120 but less than 15,800 ±
1,800 years BP (Archer 1974). Specimen JER42 was excavated from a depth of 275 - 291 cm
which dates to greater than 15,800 ± 1,1800 years BP (Archer 1974). Maxilla length ranges from
8.75 – 13.0 mm which correlates to a small to medium sized agamid (Hocknull 2002). Each
specimen has 2 pleurodont teeth; the second being longer then the first. Most specimens have a
diastema between the first and second pleurodont tooth. A diastema also exists between the
second pleurodont tooth and the first acrodont tooth. There are 11 to 14 acrodont teeth present
and they increase in size posteriorly. Spacing between acrodont is consistently close. Labial
foramina count varies from 3 to 4 and are located anterior-medial to medial in a few specimens.
In other specimens, the foramina are split into two groups located anterior-medially or medially.
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Figure 11. Specimen (JER57) from Horseshoe maxilla group two. A, labial view; B, lingual
view.
The naris ridge is clearly visible in each specimen. Dorsal maxilla process is only present
in half the specimens and the width/height ratio ranges from 0.5 to 1.0. The slope of the process
is steep and usually has a deep valley at the ventral base. The process kink is minimally visible
to not apparent. When present, the anterior margin hook varies in shape from thin to triangular
cone. The hook’s orientation is dorsal to slightly anterior. PFMS is broken in the majority of
specimens, but specimen JER44 has two distinct processes. The anterior-most process points
dorsally, and the posterior-most process is minimal and points posteriorly. Specimen JER57 has
three processes all of which point posteriorly. The anterior most is skinny and distinguished
while the other two are merged together and barely visible. Premax/maxilla suture has a distinct
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process that projects anteriorly. Palatine/maxilla suture is fairly straight in most specimens, but a
few have a slight wave-like process. Jugal/maxilla suture has a minimal process that aligns with
the posterior-medial region of the acrodont tooth row. Anterior maxilla length/height ratio
ranges from 0.62 to 1.16.
Horseshoe maxilla morphotype three (Horseshoe MAX3) (Figure 12) were excavated
from a depth of 30 - 110 cm which correlates to an age less than or equal to 5,630 ± 120 years BP
(Archer 1974). Specimens JER67 is the exception and was collected 180 - 190 cm below the
surface which represents and age between 5,630 ± 120 and 15,800 ± 1,800 years BP (Archer
1974). Maxilla length is 10.0 - 12.2 mm which represents a small to medium sized agamid
(Hocknull 2002). Two pleurodont teeth are present and the second pleurodont tooth is the
typically the longest. Pleurodont teeth are caniniform and the orientation is straight in most
specimens; however a few are recurved and orient slight posterior. Spacing between pleurodont
teeth is moderate, and there is little to no diastema between the second pleurodont and first
acrodont tooth. Acrodont tooth count ranges from 10 to 17 and tooth size gradually enlarge
posteriorly. Spacing is minimal between acrodont teeth. Labial foramina range from 2 to 4 and
location is restricted to medial region in several specimens. In several other specimens, foramina
are located in the anterior or anterior-medial region and the medial region.
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Figure 12. Specimen (JER55a) from Horseshoe maxilla group three. A, labial view; B, lingual
view.
The naris ridge is visible in each specimen. Dorsal maxilla process width/height ratio
ranges from 0.42 to 1.13 and the slope is moderate to steep. Process kink varies from slight
visibility to not present. Anterior margin hook is a triangular cone shape and often has a long
thin tip. Orientation of hook is dorsal. Prefrontal/maxilla suture usually has two distinct
processes, and in specimen JER46 three, that are rounded and even in size; however, a few
specimens anterior most process is larger. Premax/maxilla is slightly rounded, and the
Palatine/maxilla suture is straight with a small wave-like projection. JMS has a small process
that is often sigmoid shape and distinct. Process is aligned over the posterior-medial region of
the tooth row. Specimen JER54 has an unusual shaped JMS that has no clear process. Anterior
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maxilla length/height ratio ranges from 0.74 to 1.1.
Horseshoe Dentary Morphotypes
From Horseshoe Cave there are two dentary morphotypes. The first (Horseshoe D1)
(Figure 13) contains seven specimens, of which half were extracted from a depth of 10 - 110 cm;
this correlates to an age less than or equal to 5,630 ± 120 years BP (Archer 1974). The
remaining specimens were collected from 180 - 230 cm below the surface which dates to over
5,630 ± 120 but less than 15,800 ± 1,800 years BP (Archer 1974). Dentary length ranges from
12 - 17 mm which correlates to a small to medium sized dragon (Hocknull 2002). Specimens
have 2 pleurodont teeth but many are missing either both or one. When present, the first
pleurodont tooth is greater than or equal in length to the second, and the first acrodont tooth is
shorter in length than either pleurodont tooth. Pleurodont teeth are caniniform and both are
orientated anteriorly, the first tooth more so. Spacing is close between pleurodont teeth and there
is no diastema between the second pleurodont and first acrodont tooth. Acrodont tooth count
ranges from 10 to 13 and they increase in size posteriorly. Orientation of all acrodont teeth is
straight. Foramina count ranges from 4 to 6 and are split between the anterior, anterior-medial,
and medial region. Meckel’s groove and dental sulcus are parallel, running straight in the
anterior and medial section, and then curve dorsally in the posterior section. Dental symphysis is
a rounded square shape, and the posterior most edge of the symphysis extends to the second
pleurodont tooth or first acrodont tooth. Posterior dentary depth (height/width) ratio ranges from
1.67 to 3.39.
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Figure 13. Specimen (JER45) from Horseshoe dentary group one. A, lingual view; B, labial
view.
Horseshoe dentary group 2 (Horseshoe D2) (Figure 14) consists of 19 specimens which
were excavated from a depth of 10 - 250 cm which correlates to an age range of less than 5,630 ±
120 to 15,800 ± 1,800 years BP (Archer 1974). Dentary length ranges from 7.75 - 10.9 mm
which represents a small-sized dragon (Hocknull 2002). Each specimens contains two
pleurodont teeth; however, missing teeth is common. Specimens JER62 is an exception and
contains three pleurodont teeth. Second pleurodont tooth is the longest, and in specimen JER62,
the second and third pleurodont tooth are even. Pleurodont teeth caniniform, recurved, and
orientated slightly anteriorly. Spacing between pleurodont teeth is close, and there is a small
diastema between the posterior most pleurodont tooth and first acrodont tooth. Acrodont teeth
are orientated straight, count ranges from 11 to 15, and tooth size gradually enlarges posteriorly.
Labial foramina count ranges from 3 - 5 and are split between the anterior region and the
anterior-medial or medial region. Meckel’s groove runs parallel to the dental sulcus, which is
straight in the anterior and medial section. Posteriorly, the groove and sulcus remain straight in a
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few specimens but others show slight to moderate dorsal curving. Dentary symphysis is a round
oval shape and the posterior most edge of the symphysis extends to the first or second pleurodont
tooth. Posterior dentary depth (height/width) ratio ranges from 1.94 - 3.05.
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Figure 14. Specimen (JER41) from Horseshoe dentary group two. A, lingual view; B, labial
view.
PCA Maxilla
All PCA results are plotted in a 3-dimensional scatter plot with component 1 along the Xaxis, component 2 along the Y-axis, and component 3 along the Z-axis (Figure 15). The percent
of variation explained by each component is labeled on the axis of each graph. Initial PCA plots
all Hastings and Horseshoe maxilla groups in three dimensions; separation between groups is
fairly clear. Specimen JER1, from Hastings MAX1, plots fairly close to Horseshoe MAX1, and
specimen JER37a, from Horseshoe MAX2, plots fairly close to Hastings MAX2. Further PCA
conducted on Hastings MAX1 and Horseshoe MAX1 data shows separation between groups;
however, all data points exhibit moderate spacing from one another. An additional PCA was also
conducted on Hastings MAX2, Horseshoe MAX2, and Horseshoe MAX3 and separation was
clear. Hastings MAX2 and Horseshoe MAX3 each contain two specimens that are moderately
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distant from the rest of the data points. Horseshoe MAX2 data points form a clearly distinct
grouped; however, compared to the other two groups, there is more spacing between points.

A

B

C

Figure 15. PCA graphs of maxilla groups. A, comparing all groups; B, comparing Hastings
MAX1 and Horseshoe MAX1; C, comparing Hastings MAX2, Horseshoe MAX2, and
Horseshoe MAX3. The percent of the variance explained by each component is given.
Stepwise DFA Maxilla
Results from the stepwise DFA conducted on Hastings MAX1 and Horseshoe MAX1 are
plotted on a 2-dimensional bar graph where discriminant function score 1 is plotted along the Xaxis and frequency is plotted along the Y-axis (Figure 16 A). There is strong separation between
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groups; all specimens for each group are contained in two separate single bars. Five characters
were selected as statistically significant when comparing Hastings MAX1 and Horseshoe MAX1
(Table 3). Characters selected (in order of most important to lest based on Wilks’ Lambda
values) are: maximum curvature along the anterior-posterior axis of the ventral labial region of
the PMS, the dorsal-ventral position of the posterior edge of the first acrodont tooth, the anteriorposterior position of the anterior edge of the first pleurodont tooth, the maximum curvature of the
naris ridge along the dorsal-ventral axis, and the anterior-posterior position of the anterior edge
of the last acrodont tooth.
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Figure 16. Stepwise DFA graphs of maxilla groups. A, comparing Hastings MAX2, Horseshoe
MAX2, and Horseshoe MAX3; B, comparing Hastings MAX1 and Horseshoe MAX1.
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Table 3. Variables kept by stepwise Discriminant function analysis (DFA) comparing Hastings
M1 and Horseshoe M1.
Variables kept by
Wilks’ Lambda
Significance
stepwise DFA
value
score
X4
0.160
0.024
X3
0.253
0.001
Y7
0.023
0.000204
Y16
0.010
0.001
X8
0.004
0.000498
Stepwise DFA results of Hastings MAX2, Horseshoe MAX2, and Horseshoe MAX3 are
plotted in a 2-dimensional scatter plot where the discriminant function score 1 is along the Xaxis and the discriminant function score 2 is along the Y-axis (Figure 16 B). All groups show
clear separation from one another. All groups are separated along the X-axis, but Hastings
MAX2 and Horseshoe MAX2 plot similarly along the Y-axis. Horseshoe MAX2 data points are
slightly spaced out, while Hastings MAX2 and Horseshoe MAX3 are quite clustered with a few
spaced out data points. When comparing these thee morphotypes, six characters were selected as
important (Table 4). Characters selected (in order of most important to lest based on Wilks’
Lambda values) are: anterior-posterior position of the posterior edge of the last acrodont tooth,
anterior-posterior position of the posterior edge of the first pleurodont tooth, maximum curvature
along the dorsal-ventral axis of the ventral base of the JMS process, dorsal-ventral position of
distal tip of the anterior margin hook, dorsal-ventral position of dorsal alignment with lacramole?
process, and maximum curvature along the anterior-posterior axis of the posterior edge of the
dorsal maxilla process.
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Table 4. Variables kept by stepwise Discriminant function analysis (DFA) comparing Hastings
M2 and Horseshoe M2 and M3.
Variables kept by
Wilks’ Lambda
Significance
stepwise DFA
value
score
X5
0.028
0.000298
X9
0.058
0.000002
Y1
0.016
7.6563E-7
Y10
0.028
3.7233E-7
Y17
0.014
9.6551E-8
X13
0.011
9.6738E-8
PCA Dentary
All PCA results are plotted in a 3-dimensional scatter plot with component 1 along the Xaxis, component 2 along the Y-axis, and component 3 along the Z-axis (Figure 17). The percent
of variation explained by each component is labeled on the axis of each graph. Initial PCA
shows a lot of overlap. Horseshoe D1 and Hastings D3 data points overlap and Hastings D1 and
Horseshoe D2 data points also overlap a great deal. Hastings D2 data points are scattered and
show overlap with Horseshoe D2. Further PCA conducted on Hastings D1, Hastings D2, and
Horseshoe D2 shows slightly more separation between Hastings D1 and Horseshoe D2; however,
there is still overlap. Hastings D2 specimen JER10 plots close to Hastings D1 data points.
Hastings D2 specimens JER8a and JER8b plot close to Horseshoe D2 data points; however, the
points plot on separate sides of the data spread for Horseshoe D2. Upon removing Hastings D2,
separation improves slightly, but there is still overlap. Hastings D3 and Horseshoe D1 were
compared in a separate PCA. Separation is apparent; however, Hastings D3 specimen JER35b
plots distantly from the rest of the data points and is neither close to Hastings D3 or Horseshoe
D1.
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Figure 17. PCA graphs of dentary groups. A, comparing all groups; B, comparing Hastings D3
and Horseshoe D1; C, comparing Hastings D1, Hastings D2, and Horseshoe D2; D, comparing
Hastings D1 and Horseshoe D2. The percent of the variance explained by each component is
given.
Stepwise DFA Dentary
Results from all stepwise DFA are plotted on a 2-dimensional bar graph where
discriminant function score 1 is plotted along the X-axis and frequency is plotted along the Yaxis (Figure 20). First, Hastings D1 and Horseshoe D2 were analyzed. Groups show separation,
however one Hastings D1 data point plots close to the Horseshoe D2 data (Figure 18 A). Three
characters were selected as statistically significant (Table 5). Characters, listed in order of most
to least significant based on Wilks’ Lambda values, are: maximum curvature of posterior region
of the dental sulcus along the anterior-posterior axis, dorsal-ventral position of posterior edge of
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the last acrodont tooth, and anterior-posterior position of posterior edge of the first acrodont
tooth. Hastings D3 and Horseshoe D1 were also analyzed in a stepwise DFA. Separation is
present; however, a few Hastings D3 data points plot closer to the Horseshoe D1 data (Figure 18
B). Two characters were selected as statistically importance (Table 6). Based on Wilks’ Lambda
values, the most important character is the dorsal-ventral position of anterior edge of the last
acrodont tooth. The other less important character selected is the dorsal-ventral position of
anterior region of the dental sulcus.
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Figure 18. Stepwise DFA graphs of dentary groups. A, comparing Hastings D1 and Horseshoe
D2; B, comparing Hastings D3 and Horseshoe D1.
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Table 5. Variables kept by stepwise Discriminant function analysis (DFA) comparing Hastings
D1 and Horseshoe D2.
Variables kept by
Wilks’ Lambda
Significance
stepwise DFA
value
score
X13
0.995
0.002
Y6
0.488
0.000465
X4
0.307
0.000076
Table 6. Variables kept by stepwise Discriminant function analysis (DFA) comparing Hastings
D3 and Horseshoe D1.
Variables kept by
Wilks’ Lambda
Significance
stepwise DFA
value
score
Y5
0.889
0.024
Y12
0.587
0.003
Ctenophorus scutalus
Eight extant Ctenophorus scutalus specimens of varying size (therefore age) were
analyzed (Figure 19). All specimens were collected in Western Australia and the majority of
specimens are from Mt. Gibson station. Snout-vent length (SVL) ranges from 50 mm to 105
mm. Maxilla length ranges from 8.2 mm to 16.2 mm; however, the shortest dentary length
belongs to the C. scutalus with the second shortest SVL. There are no pleurodont teeth present
in the smallest specimens, but larger specimens contain two. When present, the second
pleurodont tooth is longer or equal to the first pleurodont tooth. Pleurodont tooth shape in
smaller specimens is peg-like, straight, and slightly recurved. In larger specimens, the
pleurodont teeth are triangular and straight. The largest specimens have caniniform shaped teeth
that are straight and slightly recurved. Pleurodont teeth and the first acrodont tooth are close in
larger specimens, while smaller specimens have a diastema between the second pleurodont tooth
and first acrodont tooth. Acrodont tooth count ranges from 10 to 15 and tooth size increases
posteriorly. Acrodont tooth size change is more gradual in larger specimens and more drastic in
small specimens. Spacing is close between acrodont teeth; however, several specimens, of
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various sizes, have slight spacing in the posterior or anterior region. Labial foramina count
ranges from 3 to 7. In the larges specimen, foramina are located in anterior-medial to medial
region and are evenly spaced out. All other specimens show two grouping of foramina; one
group is located anterior-medially and the other is medially.

A

B

C

Figure 19. Extant Ctenophorus scutalus maxilla showing ontological change. A, smallest
specimen (R146925 WAM); B, medium sized specimen (JIM58); C, largest specimen (R121627
WAM).
Naris ridge is distinct in larger specimens and minimal but visible in smaller specimens.
Dorsal maxilla process width/height ratio is 1.29 for the largest specimen and 0.87 for the
smallest specimen. The smallest process ratio is 0.6 which belongs to an intermediate sized
specimen. Process slope is moderate in large specimens and steep in smaller. Process kink is
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slightly distinct on the largest specimens, but visibility reduces to minimal in medium sized
specimens and the smallest has no process kink. Larger specimens have a triangular shaped
anterior margin hook. In the largest, the hook is recurved, while other large specimens’ hook
points dorsally. Medium sized specimens have a less triangular hook, and the shape is thin with
a tapered tip. Smallest specimens have think hooks as well, but the tip is blunt.
Prefrontal/maxilla suture has two processes; the anterior most is usually larger and round while
the anterior most process is reduced and thin. In the largest PFMS both processes are distinct
and more triangular shaped. Premax/maxilla suture is round in all specimens, but becomes more
pronounced in the larger specimens. Palatine/maxilla suture is fairly straight with a slight waveshaped process. JMS is usually has a sigmoidal shaped processes that is much more distinct in
larger specimens. Anterior maxilla length/height ratio ranges from 1.13 to 0.76 and shows little
relation with size.
Ctenophorus scutalus Dentary length ranges from 7.2 mm to 14 mm (Figure 20). Larger
specimens have two to three pleurodont teeth, while smaller specimens have only one. In the
two largest specimens, the second pleurodont tooth is the longest, however; the other pleurodont
teeth are very close in size. The first acrodont tooth is smaller than the pleurodont teeth in larger
specimens, but become the same size in smaller specimens. Pleurodont shape is caniniform in
larger specimens and peg-like in smaller. Orientation of pleurodont teeth is slightly anterior in
all specimens and they are slightly recurved in larger specimens. Pleurodont teeth are close to
each other and there is a slight diastema between the second pleurodont and the first acrodont
tooth in larger specimens. Acrodont tooth count ranges from 10 to 17, orientation is straight, and
tooth size increases posteriorly. Labial foramina count ranges from 4 to 7. In most specimens,
foramina are located in two regions, usually anteriorly or anterior-medially and medially. In a
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few specimens, smallest and one medium sized, the foramina are evenly spaced and are located
anteriorly to medially. Meckel’s groove and dental sulcus are parallel to one another and run
straight in the anterior to medial region. In large specimens, the posterior region of the groove
and sulcus curve dorsally, while smaller specimens show minimal curving. Dentary symphysis
is fairly oval shaped in all specimens and the posterior edge of the symphysis extends to the first
or second pleurodont tooth. Posterior dentary depth (height/width) ratio ranges from 2.13 to 2.7
and variation shows little association with size.
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Figure 20. Extant Ctenophorus scutalus dentary showing ontological change. A, smallest
specimen (R146925 WAM); B, medium sized specimen (JIM58); C, largest specimen (R121627
WAM)
Pogona vitticeps
Four extant Pogona vitticeps specimens were analyzed (Figure 21). All specimens were
collected from pet stores; three specimens are from Glades Herp Florida and one specimen is
from Wet Pets, Flagstaff, Arizona. SVL ranges from 54 mm to 210 mm, and maxilla length
ranges from 9.2 to 32 mm. Larger specimens have 2 pleurodont teeth while the smallest
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specimen has one. In the largest specimens, the first pleurodont tooth is about equal in size to
the second pleurodont tooth and in the second to smallest, the second pleurodont tooth is longer.
Pleurodont teeth are longer then acrodont teeth; however, the smallest specimen’s teeth are the
same length. Shape of pleurodont teeth is caniniform, and the teeth are recurved in larger
specimens. Orientation of pleurodont teeth is straight. Spacing between pleurodont teeth is
moderate to close and there is no diastema between the second pleurodont tooth and first
acrodont tooth. Acrodont tooth count ranges from 7 to 17 and tooth size increases posteriorly in
larger specimens; the change is more gradual in the largest specimens. In the smallest specimen
all acrodont teeth are the same size. Spacing between acrodont teeth is close, but moderate in the
smallest specimens. Labial foramina count ranges from 2 to 6 and in most specimens they form
two separate groups and are located anteriorly or anterior-medially and medially. In the second
smallest specimen, the foramina are evenly spaced anteriorly to medially.

A

B

Figure 21. Extant Pogona vitticeps maxilla showing ontological change. A, smallest specimen
(BS); B, largest specimen (JIM 1216).
Naris ridge is not very apparent in larger specimens and there is no evidence of a ridge in
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the smallest specimen. Dorsal maxilla process width/height ratio ranges from 0.5 to 0.8 and
shows association with body size. Process slope is moderate in the larger specimens, but in
smaller specimens the slope is very steep and near vertical. Process kink is minimally apparent
in large specimens and not present in the smaller specimens. Anterior margin hook is elongate,
thin, and points slightly posteriorly in larger specimens. Smaller specimens have a more
triangular thin hook that points anteriorly in the smallest. Prefrontal/maxilla suture has two
processes in the largest specimen, two slightly differentiated processes in the second smallest
specimens, and there are no processes in the rest. Premax/maxilla suture is rounded, and in
larger specimens, the PMS is more pronounced. Palatine/maxilla suture is fairly straight with a
slight wave-like process. JMS has a sigmoid shaped process, and in larger specimens the process
point posteriorly and is thin. The second smallest specimen JMS has a process that points
dorsally and is not sigmoid shaped. Anterior maxilla length/height ratio ranges from 0.67 to
0.82, and is loosely associated with body size.
Pogona vitticeps dentary length ranges from 8.0 mm to 23.3 mm (Figure 22). Pleurodont
count ranges from 1 to 2, and is not associated with size since the largest specimen only has one
clear pleurodont tooth. When present, the second pleurodont tooth is longer or equal in length to
the first pleurodont tooth. Pleurodont teeth are longer than the first acrodont tooth; however, the
smallest specimen’s first acrodont tooth is longer than the pleurodont tooth. Pleurodont teeth are
caniniform and recurved in most specimens. The largest specimen has a broad base, giving it a
slightly triangular shape. The smallest specimen has a peg shaped pleurodont tooth. Orientation
of pleurodont teeth is anterior. Spacing is minimal between pleurodont teeth, and most
specimens do not have a diastema between the last pleurodont tooth and the first acrodont tooth;
however, the largest specimen has a moderately sized diastema. Acrodont tooth count ranges
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from 9 to 17 and the tooth size increases posteriorly. Sizing shift is gradual in most specimens
but more drastic in the smallest. The second smallest specimen has evenly sized teeth, but the
last two are in the process of erupting. All acrodont teeth are orientated straight. Labial
foramina count varies from 4 to 5 and are either spaced evenly anteriorly to medialy or they are
grouped anteriorly and anterior-medially. Meckel’s groove and dental sulcus are parallel and run
straight in the anterior and medial region, and then slightly curves dorsally in all specimens. The
dental symphysis is rectangular/square shaped with slightly round edges. The posterior most
edge of the symphysis extend to the first or second acrodont tooth in the larger specimens, but
only extends to the first or second pleurodont teeth in the smaller specimens. Posterior dentary
depth (height/width) ratio ranges from 2.06 to 2.9 and shows no association with size.
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Figure 22. Extant Pogona vitticeps dentary showing ontological change. A, smallest specimen
(BS); B, largest specimen.
Pogona minor
Two specimens of Pogona minor were analyzed (Figure 23). The smaller specimen was
collected from Mt. Gibson station road in Western Australia and had a SVL of 110 mm and a
maxilla length of 18.5 mm. The larger specimen was collected from Glades Herp Florida and had
a SVL of 142 mm and a maxilla length of 24.2 mm. Both specimens have 2 pleurodont teeth that
are caniniform, orientated straight, and slightly recurved. The large specimen’s second
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pleurodont tooth is robust with a thick base, appearing slightly triangular. In the smaller
specimen, the pleurodont teeth and the first acrodont teeth are approximately the same height.
Pleurodont teeth are similar in length in the larger specimen, but the first acrodont tooth is
noticeably shorter. Both specimens show slight spacing between the pleurodont teeth. The
smaller specimen has an acrodont tooth count of 13 and the larger has a count of 17. Acrodont
teeth are close and increase in size posteriorly, but the change is more gradual in the larger
specimen. In both specimens, there are 4 labial foramina; 2 located anterior-medially and 2
located medially.

A

B

Figure 23. Extant Pogona minor maxilla showing ontological change. A, smaller specimen
(R146929); B, largest specimen.
Neither specimen has a clear naris ridge. Dorsal maxilla process width/height ratio is 0.54
in the smaller specimen and 1.16 in the large. The slope of the process is moderate in moderate
in both specimens, but the larger specimen has a noticeably shallower slope. Process kink is not
too prominent, however is present. Anterior margin hook is recurved in both specimens. The
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larger specimen has a triangular shaped hook, while the smaller specimen’s hook is much
thinner. In both specimens, the PFMS has two minimally-distinct rounded processes.
Premax/maxilla suture is round, and is noticeably more flat in the larger specimen.
Palatine/maxilla suture is straight with a distinct rounded process, which is even more distinct in
the larger specimen. Jugal/maxilla suture is has a distinct sigmoidal shaped process that points
posteriorly. Anterior maxilla length/height ratio is 0.94 in the smaller specimen and 0.88 in the
larger.
The smaller P. minor specimen has a dentary length of 16 mm and the larger P. minor has
a dentary length of 19.1 (Figure 24). Both specimens have two pleurodont teeth. Smaller
specimen’s pleurodont teeth are about equal in length and longer then the first acrodont tooth.
Larger specimen’s first pleurodont and acrodont tooth are about the same length, and the second
pleurodont tooth is noticeably longer. Shape of the pleurodont teeth is caniniform in the smaller
specimen, while the larger specimen’s first pleurodont tooth is peg-like and slender and the
second pleurodont tooth is triangular and wide. Smaller specimen’s pleurodont teeth are both
orientated anteriorly. In the larger specimen, only the first pleurodont tooth is orientated
anteriorly, and the second pleurodont tooth is straight. Spacing is close between pleurodont teeth,
and in the larger specimen, there is a slight diastema between the second pleurodont tooth and
the first acrodont tooth. Acrodont teeth are oriented straight, and the count for the smaller
specimen is 15 and 18 for the larger. Size of the acrodont teeth increases posteriorly in the
smaller specimen, but in the larger specimen, the acrodont teeth are more uniform and even.
Labial foramina are more spaced out in the smaller specimen, with 1 located anteriorly, 1 located
anterior-medially, and 2 medially. In the larger specimen, 4 labial foramina are evenly spaced
between the anterior and medial region. In the both specimens, the meckel’s groove and dental
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sulcus are parallel and run straight in the anterior and medial region, then curve posteriorly. The
larger specimen displays much more curving. The dental symphysis is round in both specimens,
and the posterior most edge of the symphysis extends out to the first acrodont tooth in the
smaller specimen and to the second pleurodont tooth in the larger specimen. Posterior dentary
depth (height/width) ratio is 2.67 for the smaller specimen, and 2.93 for the larger.
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Figure 24. Extant Pogona minor dentary showing ontological change. A, smaller specimen
(R146929); B, largest specimen.
Ctenophorus maculusus
Only one disarticulated specimen of C. maculusus was available for analysis (Figure 25).
The specimen was collected 20 km south of Ravensthorpe in Western Australia and had a SVL of
51 mm and a maxilla length of 8 mm. The maxilla has 2 pleurodont teeth, the second of which is
missing. The first pleurodont tooth is longer then the first acrodont tooth, and the spacing is
close. Shape of the pleurodont tooth is caniniform and orientation is straight. There are 10
closely spaced acrodont teeth that increase in size posteriorly. Labial foramina count is 5 with 1
in the very anterior region, 2 in the anterior-medial region, and 2 in the medial region. Naris
ridge is visible. Dorsal maxilla process width/height ratio is 0.41, slope is steep, and there is no
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kink. Anterior margin hook is thin, tapered, and slightly recurved. Prefrontal/maxilla suture has
two distinct processes. The anterior most process is large and round, while to posterior most
process is thin and triangular. Premax/maxilla suture is round, and the PAMS is straight with a
slight round process. Jugal/maxilla suture has a distinct process that is long, thin, and points
posteriorly. Anterior maxilla length/height ratio is 0.8.
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Figure 25. Extant Ctenophorus maculosus specimen JIM 0395. A, maxilla; B, dentary.
The C. maculusus specimen has a dentary length of 8 mm. There are 2 pleurodont teeth
that are equal in length and are both longer than the first acrodont tooth. Pleurodont teeth are
caniniform, recurved, and oriented anteriorly. Spacing between pleurodont teeth and the first
acrodont tooth is close. There are 12 straightly oriented acrodont teeth that increase in size
posteriorly. Labial foramina count is 4, with 2 located anteriorly and the other 2 located anterior-
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medially. Meckel’s groove and dental sulcus are parallel and remain straight from the anterior
through the posterior region. Dental symphysis shape is oval, and the posterior edge of the
symphysis extends to the second pleurodont tooth. Posterior dentary depth (height/width) ratio is
2.71. Labial foramina count for the extant juvenile is 4, which is on the lower side but still
within the observed range of Hasting MAX1. Foramina count is another character that shows
variation across specimens.
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CHAPTER 5
DISCUSSION

Hastings Maxilla Morphotype One
Hastings MAX1 has an overall morphology that is most similar to the extant juvenile
Pogona minor specimen (Figure 12 and 25). When compared, both have a rounded PMS, a thin
recurved anterior margin hook, moderately steep dorsal maxilla process, two small to medium
pleurodont teeth, and posteriorly enlarging acrodont teeth. The extant juvenile’s maxilla length
falls within the range of the fossil group; however, the Hastings MAX1 specimens have
noticeably less acrodont teeth with only 10-11 teeth as opposed to the 13 teeth observed in the
modern specimen. Hastings MAX1 varies in having a minimal naris ridge to none, and the P.
minor juvenile has no apparent ridge, so it is possible that this particular character varies across
individuals. When comparing the juvenile P. minor and the Hastings MAX1 specimens with the
extant adult P. minor specimen, the adult has a longer maxilla, more acrodont teeth that are
uniformly sized, more robust pleurodont teeth, with the second having a broad base and a
triangular shape, thicker dorsal maxilla process, a still rounded but slightly flattened PMS, and a
less-recurved thicker anterior margin hook. Dorsal maxilla process width/height ratio is varied
in Hastings MAX1, but less than half the specimens had a complete processes. The juvenile P.
minor had a ratio that is on the smaller side of the Hasting MAX1 range and the adult had a ratio
on the higher end. Based on simple observation, the adult P. minor has a more broad process, but
this is confirmed by the ratio. Based on the two Hastings MAX1 specimens, thickness of the
dorsal maxilla process could vary amongst individuals.
Hocknull (2002) describes the maxilla of Pogona at the generic level and not the species
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level; also, his description is based on adult specimens and not juvenile. Pogona should have 3
to 4 labial foramina, but there are 4 to 6 in Hastings MAX1 which is a slightly more. In the
smaller species (P. minor, P. mitchell, and P. nullabor) the pleurodont teeth are uneven, which is
observed in the majority of Hasting MAX1 specimens; however they are even in the extant
juvenile P. minor. Due to the inconsistencies, pleurodont tooth size probably varies slightly
between individuals, but the difference in the pleurodont tooth size is so drastic in the adult, and
this diagnostic character might only be observed in adults. Hocknull (2002) states the dorsal
maxilla process is steep, measuring in at 60o; however, he also states the slope is near vertical.
Both extant P. minor and Hastings MAX1 specimens have a moderately steep process that is not
near vertical. The naris ridge is residual which is observed in both extant and fossil; the ridge is
either non-existent or minimal. JMS is long and deep which is apparent in extant specimens, but
noticeably less deep in Hasting MAX1. The anterior margin hook is stated as only being slightly
hooked; however, the presence of hooking is strong in the majority of specimens, both extant and
fossil. While Hastings MAX1 looks very similar to the extant P. minor, this morphotype could
potentially be any Pogona species since the juvenile specimens do not show a difference in
pleurodont tooth size. Further comparisons with other Pogona specimens of varying age need be
made.
Hastings maxilla Morphotype Two
Hastings MAX2 looks similar to the single juvenile/sub-adult Ctenophorus maculosus
specimen. The maxilla length and acrodont tooth count of the C. maculosus specimen falls
within range of Hastings MAX2. Labial foramina count of the C. maculosus specimen is 5
which is within the upper range of Hastings MAX2. The naris ridge is clear in the C. maculosus
and ranges from minimal to clear in Hastings MAX2. Both the extant and fossil specimens have
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a near vertical dorsal maxilla process slop, and the C. maculosus has no clear kink, but Hastings
MAX2 range from a minimal to an apparent kink. In both groups, the anterior margin hook thin
and points dorsally; however, the hook of C. maculosus is slightly recurved, while the hook of
Hastings MAX2 appears straighter. The dorsal maxilla process of C. maculosus is slightly
slimmer and taller compared to Hastings MAX2 because the process width/height ratio is
slightly less than the Hastings MAX2 range; however, C. maculosus’ anterior maxilla
length/height ratio falls within the rage of Hastings MAX2.
Hocknull (2002) identifies C. maculosus, C. reticulatus, and C. nuchalis to be in the same
species group. Hastings MAX2 could be any of these three species since there are currently no
characters differentiating them. The pleurodont tooth count of the C. maculosus species group
ranges from 1 to 2, which is observed in Hastings MAX2. According to Hocknull (2002), when
there are two pleurodont teeth, they are even in length, but Hasting MAX2 usually has uneven
pleurodont teeth where the first tooth is slightly longer then the second. Pleurodont tooth length
cannot be checked in the extant C. maculosus specimen because it is missing one. Acrodont
teeth range from 12 to 15, but Hasting MAX2 has less due to age. The naris ridge is reduced in
the C. maculosus species group, but in the extant specimen and in Hastings MAX2, it is
pronounced. Possibly, the naris ridge is more pronounced in juvenile individuals, and with age,
the ridge reduces. There are 4 or 5 labial foramina, and most Hastings MAX2 specimens match,
however, some specimens have less than 4. Hocknull (2002) describes the dorsal maxilla
process as near vertical which is observed in Hastings MAX2. The dorsal maxilla process is
stated as having no midline kink, which is seen in the extant C. maculosus specimen; however,
Hocknull’s (2002) line drawing depicts a kink which is similar to those observed in Hastings
MAX2. The dorsal maxilla process kink could be a feature that varies among individuals.
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Ctenophorus maculosus species group has a narrow dorsal maxilla process, similar to the extant
specimen examined; however, the process seems more robust in Hastings MAX2, but this feature
could possibly also vary between individuals.
Hastings Dentary Morphotype One
Hastings D1 is not similar to any of the extant specimens that were examined in this
analysis. Similar to the Ctenophorus specimens, Hastings D1 has anteriorly oriented caniniform
pleurodont teeth that are either equal or slightly unequal in length, and an oval dentary
symphysis. The posterior region of the dental sulcus of Hastings D1 is more curved than any
extant Ctenophorus specimen that was analyzed. Relative to the dentary size, the acrodont teeth
are not too enlarged and gradually increase in size posteriorly; this is similar to what is observed
in older extant agamid specimens. When compared to the Hocknull (2002) line drawings,
Hastings D1 looks the most similar to species groups Ctenophorus isolepis, C. maculosus, and C.
caudicinctus. Ctenophorus candicinctus species group is described as medium bodied with 14 to
15 acrodont teeth (Hocknull 2002). Comparatively, Hastings D1 is smaller in size and has less
acrodont teeth; however, this fossil group is possibly composed of juveniles. The description of
the pleurodont teeth is similar between Hastings D1 and C. candicinctus in that they are
caniniform, point anteriorly, and in many fossil specimens, the second pleurodont tooth is
slightly larger than the first which matches Hocknull’s (2002) description.
Ctenophorus isolepis species group is small bodied, with 12 to 13 acrodont teeth, 2
unequal pleurodont teeth, 3 to 4 foramina, and a parallel sulcus and Meckel’s groove (Hocknull
2002). These characters match Hastings D1, and the acrodont tooth and foramina count is
slightly different but very close. It is possible Hastings D1 is composed of adult or sub-adult
individuals that identify within the C. isolepis species group. Ctenophorus maculosus species
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group is small to medium sized, have 12 to 15 acrodont teeth, and their dentary is deep and stout.
If Hastings D1 identifies to the C. maculosus species group, then they would be juveniles due to
the smaller size, less acrodont teeth, and less robust jaw. Compared to other dentary
morphotypes, Hastings D1 has a smaller posterior dentary depth (height/width) ratio which
would imply a comparatively thicker rather than tall dentary; however, the dentary is not nearly
as robust as the pictured line drawing which could be due to age. The extant juvenile specimen
of C. maculosus that was examined in this analysis does not have a deep or stout dentary, which
means this trait is either variable or only present in adults. Ctenophorus maculosus species
group has 1 or 2 pleurodont teeth, while Hastings D1 all have 2 pleurodont teeth. Foramina
count is fairly close between groups; Hastings D1 has 3 to 5, while C. maculosus species group
has 4 to 5. The Meckel’s groove of the C. maculosus species group is described as broad
(Hocknull 2002); however, Hastings D1’s groove does not appear any thicker than other dentary
morphotype groups. The juvenile specimen of C. maculosus also does not have a broad
Meckel’s groove, so this character is either variable or is not present in younger individuals.
Hocknull (2002) describes C. maculosus species group as having a dental sulcus that curves
dorsally in the posterior region and is not parallel to the Meckel’s groove. In Hastings D1, the
sulcus curves; however, the Meckel’s groove also appears to curve and remain parallel to the
sulcus. The juvenile C. maculosus shows no posterior curving of either the sulcus or the
Meckel’s groove; both run parallel and straight.
The identification of Hastings D1 is a challenge. This group is likely with the genus
Ctenophorus, but species is not identifiable. Based on Hocknull (2002) there are three species
group that Hastings D1 is most similar to which includes the following species: C. caudicinctus,
C. isolepis, C. maculatus, C. femoralis, C. fordi, C. rubens, C. maculosus, C. reticulatus, and C.
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nuchalis. Due to dental sulcus curvature and acrodont tooth size, this group appears to be adult
or sub-adult. If these are older individuals, then Hastings D1 would identify most closely to the
C. isolepis species group which includes C. maculatus, C. femoralis, C. fordi, and C. rubens.
Without extant specimens of C. isolepis species group to compare, this identification is
questionable.
Hastings Dentary Morphotype Two
Hastings D2 consists of only three specimens. Specimen JER8b is probably a younger
individual since it has many similarities with the extant juvenile specimens that were examined,
such as large acrodont teeth, one pleurodont tooth, and a fairly straight dental sulcus. Specimen
JER8a is larger, has more acrodont teeth that are smaller relative to the dentary, a dorsally curved
sulcus, and two pleurodont teeth. Specimen JER10 is similar to JER8a, but has a noticeably less
curved dental sulcus. The pleurodont teeth of each specimen are worn, making it difficult to
narrow down an identification for Hastings D2 based on pleurodont characters. In addition, this
group has a small sample size and shows variation between specimens. Due to the characters of
specimen JER8b, it is one of the younger individuals examined from Hastings Cave and could
possibly belong to another dentary group. Specimens JER8a and JER10 could potentially
identify as Ctenophorus, but this is not clear. The statistical analyses might provide more
information about Hastings D2’s identity and validity.
Hastings Dentary Morphotype Three
Hastings D3 is a much larger bodied agamid species compared to Hastings D1 and D2.
They are not the same species with the larger size correlating to age since the acrodont tooth
count is within the same range as the other small sized groups. Hastings D3 looks very similar to
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the extant juvenile Pogona minor specimen. The size of the extant juvenile P. minor is with
range of Hastings D3; however, it is on the larger side. Pogona minor also has slightly more
acrodont teeth compared to Hastings D3, but all specimens show a posteriorly increasing
acrodont tooth size. Pleurodont teeth are caniniform and point anteriorly in both P. minor and
Hastings D3. The length of the pleurodont teeth is about even in P. minor, while commonly
uneven in Hastings D3. Foramina count is similar between P. minor and Hastings D3; however,
P. minor is on the lower end of the spectrum. In both groups, the Meckel’s groove and the dental
sulcus run parallel and then curve dorsally in the posterior region. Also, both have a dental
symphysis that is a roundish square/rectangle shape. Last, the posterior dentary (height/width)
ratio of the juvenile P. minor is within range of Hastings D3. When comparing Hastings D3 and
the juvenile P. minor specimens with the adult P. minor, several differences are observed. The
adult P. minor is much larger, has 18 acrodont teeth that are rounded and fairly uniform in size,
much more drastically curved Meckel’s groove and dental sulcus, and the posterior depth region
is much taller and wide. The posterior dentary depth (height/width) ratio is within range of
Hastings D3, but this is probably due to the dentary being quite wide in addition to tall.
Hocknull (2002) describes Pogona as having a deep and stout dentary which is observed
in the adult, but not the juvenile or Hastings D3 specimens. Pogona has two pleurodont teeth
which are unequal in size in smaller species (Hocknull 2002). The adult P. minor shows this
quite clear; the second pleurodont tooth is very broad and triangular. The juvenile P. minor has
even sized pleurodont teeth and Hastings D3 range from even to uneven. Small Pogona species
have a first pleurodont tooth that is orientated anteriorly, and their second pleurodont tooth is
noticeably straighter (Hocknull 2002). This character is observed in the adult P. minor, but in the
juvenile and Hastings D3 specimens, both pleurodont teeth point anteriorly; however this feature
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varies within Hastings D3 specimens. The characters of the pleurodont teeth (size and
orientation) is used by Hocknull to distinguish small species of Pogona from the larger ones. In
the juvenile and Hastings D3 specimens, the pleurodont teeth do not match the description fully,
so it is difficult to identify Hastings D3 to a particular species of Pogona
Horseshoe Maxilla Morphotype One
Horseshoe MAX1 has a very similar appearance to the juvenile Pogona minor and
Hastings MAX1 specimens. Comparatively, Horseshoe MAX1 differs from the other specimens
in that the dorsal maxilla process slope appears steeper, and the anterior margin hook is more
prominent, not as recurved, and points dorsally. Again, these traits in both fossil and extant do
not match Hocknull (2002) which states: the dorsal maxilla process is near vertical (60o), and the
anterior margin is slightly hooked. Similar to the Hocknull (2002) description of Pogona,
Horseshoe MAX1 specimens have a rounded PMS and small to medium pleurodont teeth.
Pogona has a long and deep JMS, but the JMS of Horseshoe MAX1 is not as deep. The
foramina count is slightly different; Pogona has 3-4 while Horseshoe MAX1 has 4-5. Adult
Pogona have 11 to 17 teeth; however, Horseshoe MAX1 is on the lower side since they are
juvenile. Within Pogona, the naris ridge is residual, but Horseshoe MAX1 specimens have a
visible ridge in each specimen. Horshoe MAX1 is Pogona, but the species identification is not
quite clear since juveniles have relatively similar sized pleurodont teeth.
Horseshoe Maxilla Morphotype Two
Horseshoe MAX2 is not similar to any of the extant specimens analyzed in this analysis.
Noticeably different, the second pleurodont tooth is large and recurved. Also the PMS is a small
round anteriorly projecting process. Based on these two features, Horseshoe MAX2 matches
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Tympanocryptis which is described by Hocknull (2002). Tympanocryptis is described in a single
species group and includes T. intima, T. cephalus, T. lineata, T. tetraporophora, T. parviceps, and
T. uniformis. The majority of the Horseshoe MAX2 specimens have an acrodont tooth count that
falls within the range of Tympanocryptis (12 to 13). Two specimens have 14 acrodont teeth
while one has 11; therefore, Horseshoe MAX2 is composed of adults and sub-adults. A
distinguishing character of Tympanocryptis is a PMS that is directly anterior and situated well
above the pleurodont tooth row. This feature is the small round process that projects off the
anterior region of the maxilla which is pictures in Hocknull (2002) line drawings and observed in
Horseshoe MAX2. Tympanocryptis has a mid-length notch on the PMS, but this character is not
observed in Horseshoe MAX2.
The dorsal maxilla process of Tympanocryptis is narrow. This feature is difficult to
compare in Horseshoe MAX2 since the process is damaged in many specimens. The
width/height ratio of Horseshoe MAX2 is low but within range of other morphotypes. Slope of
the processes is described as near vertical in Tympanocryptis which is observed. Foramina count
of Horseshoe MAX2 falls within the range of Tympanocryptis (3 to 5). Based on Hocknull’s
(2002) line drawings, Horseshoe MAX2 group looks the most like T. lineata and T.
tetraporophora. Tympanocryptis lineata is referable to T. tetraporophora and additionally to T.
centralis, T. houstoni, and T. pinguicolla (Wilson and Swan). Since not all of these species are
described or pictured by Hocknull (2002), there are no distinguishable characters between
Tympanocryptis species, and there are no extant specimens of Tympanocryptis included in this
analysis for comparison, species level of identification is not possible.
Horseshoe Maxilla Morphotype Three
Horseshoe MAX3 overall morphology is similar to the extant Ctenohporous specimens
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that were also analyzed. Similarities include medium sized pleurodont teeth that are slightly
unequal in size, a steep dorsal maxilla process, and a distinct anterior margin hook that points
dorsally. Based on the juvenile to adult characteristics of C. scutalus, Horseshoe MAX3 is most
similar to the older specimens and therefor consists of adults and sub-adults. When compared to
Hocknull (2002), Horseshoe MAX3 group looks the most similar to C. maculatua or C. isolepis.
These two species are described in the same species group which also includes C. femoralis, C.
fordi, and C. rubens. The C. maculatus species group is described as a small bodied agamid;
however, Horseshoe MAX3 is a mix of small and medium. Ctenophorus maculatus species
group also has two pleurodont teeth of medium size that are equal is size and recurved.
Horseshoe MAX3 also has medium sized teeth that are slightly recurved; however, their
pleurodont teeth are not always equal in size, but range from equal to the second tooth being
slightly larger. As seen in other morphotypes, pleurodont tooth size shows slight variation
between individuals. Hocknull (2002) describes the C. maculatus species group as having a
diastema between the pleurodont teeth and the premaxilla; this feature is observed in the
Horseshoe MAX3 by the distinct notch between the first pleurodont tooth and the PMS.
Ctenophorus maculatus species group has hook that points dorsally and is slightly
recurved, which is observed in Horseshoe MAX3. The naris ridge is apparent and ends halfway
up the dorsal maxilla process (Hocknull 2002). The naris ridge has a strong presence in all
Horseshoe MAX3 specimens; however, the ridge reaching up the dorsal maxilla process is only
observed in some specimens. The dorsal maxilla process of the C. maculatus species group is
near vertical with a midline kink (Hocknull 2002), which is also observed in Horseshoe MAX3
when the process is fully intact. Hocknull (2002) describes C. maculatus species group as
having a moderately broad dorsal maxilla process compared to the length. Horseshoe MAX3
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dorsal maxilla process width/height ratio is within range of other morphotypes; however, a few
specimens have a noticeably thick process such as JER 46. Ctenophorus maculatus species
group have 3 to 4 foramina, 12 to 13 acrodont teeth, and a shallow JMS (Hocknull 2002) which
closely matches Horseshoe MAX3.
Horseshoe Dentary Morphotype One
Horseshoe D1 is very similar to Hastings D3. Both morphotypes are similar in maxilla
length, acrodont and pleurodont tooth shape, size, and count, foramina count. Both morphotypes
have dorsally curving dental sulcus and Meckel’s groove, rounded square/rectangular dental
symphysis, and a similar range in posterior dentary depth (height/width) ratio. Due to the similar
description of Hastings D3, Horseshoe D1 identifies to be a juvenile group of Pogona. The
species cannot be determined until there are diagnostic characters defining each Pogona species.
Statistical analyses may reveal potential character differences between Horseshoe D1 and
Hastings D3.
Horseshoe Dentary Morphotype Two
Several specimens within Horseshoe D2 are either missing or have worn pleurodont
teeth. In specimens with observable pleurodont teeth, the second tooth is noticeably larger and
recurved. A large recurved second pleurodont tooth is a definitive character of Tympanocryptis
(Hocknull 2002). Tympanocryptis is described as having a short and stout dentary (Hocknull
2002), however this group has a posterior dentary depth (height/width) ratio that is slightly large
and similar to other dentary morphotypes. In addition to the drastically different pleurodont
tooth size, the pleurodont teeth are close to one another and they point slightly anteriorly
(Hocknull 2002); this feature is also observed in Horseshoe D2. Tympanocryptis has 13 to 14
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acrodont teeth (Hocknull 2002). With the exception of one specimen with less than 13 acrodont
teeth, Horseshoe D2 specimens acrodont tooth count is within range or slightly above the
Tympanocryptis count, therefore this dentary morphotype is composed of adults or sub-adults.
The dental sulcus and Meckel’s groove are described as being parallel (Hocknull 2002), which is
observed in Horseshoe D2. Foramina count of Tympanocryptis is 2 to 3; however, Horseshoe D2
has slightly more with a count of 3 to 5 foramina.
Specimens JER 62 is unusual in that it has 3 pleurodont teeth. This extra tooth is
probably due to individualism rather then it being a separate species because only one specimen
shows the character, and three pleurodont teeth is not a diagnostic feature in any small bodied
species of agamid. Specimens who lack pleurodont teeth could possibly identify as another
genus since the pleurodont teeth are diagnostic of Tympanocryptis. It is difficult to conclude that
these particular specimens belong to Horseshoe D2 and identify as Tympanocryptis. Based on
the maxilla morphotype analysis, Horseshoe Cave clearly has a Tympanocryptis and
Ctenophorus; however, there is only a dentary group for the Tympanocryptis, and it is possible
some of these difficult-to-identify specimens are in fact Ctenophorus. Horseshoe D2 cannot be
identified to a particular species at this time. Hocknull’s (2002) description does not identify
diagnostic characters for particular Tympanocryptis species, and there were no extant specimens
included in this study.
Comparison of Maxilla Morphotypes
All PCA and DFA stepwise analyses show good separation. Based on the statistical
results, each maxilla morphotype is morphological distinct from one another. Also, most groups
are distinct from one another based on descriptive characters and identified to different species
groups. The only exception is Hastings MAX1 and Horseshoe MAX1. These two groups
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identify to Pogona and are similar to the extant P. minor juvenile specimen. Based on the DFA
stepwise analysis, the best statistically significant characters for distinguishing Hastings MAX1
from Horseshoe MAX1 are the anterior-posterior position of the anterior edge of the first
pleurodont tooth and the anterior-posterior position of the ventral labial region of the PMS.
When comparing specimens, this feature can be seen Horseshoe MAX1 has a noticeable space
between the first pleurodont tooth and the PMS, while Hastings MAX1 specimens have a more
closely oppressed PMS and first pleurodont tooth. Other statistically significant characters are
the dorsal-ventral position of the posterior edge of the first acrodont tooth, and the anteriorposterior position of the anterior edge of the last acrodont tooth; however, differences in these
features between the groups is difficult to discern. The dorsal-ventral position of the naris
ridge/base of anterior margin hook is another feature selected as significant. This feature is
apparent when comparing specimens, and could possibly be related to the descriptive character
differences that were observed. Horseshoe MAX1 has a more distinct hook that is pointing
dorsally, while Hastings MAX’s hook is less distinct and slightly recurved. The basin that is
posterior to the hook, but anterior to the dorsal maxilla process is deeply set in Horseshoe
MAX1, while in Hastings MAX1 it is shallower and slightly angled anteriorly. The extant
juvenile P. minor had a similar hook and posterior basin to the Hastings MAX1, and it is possible
Hastings MAX1 and Horseshoe are two separate species. Without a larger Pogona fossil sample
size from each site and additional extant Pogona skeletons for comparison, species identification
is not possible for these two groups. Hastings MAX1 and Horseshoe MAX1 could be any
Pogona species.
The other three morphotypes identify to be smaller bodied species, and show good
separation statistically, morphologically, and species identification wise. Hastings MAX2
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identifies as Ctenophorus and is most like the species group which included C. maculosus, C.
reticulatus, and C. nuchalis. Horseshoe MAX3 also identifies as Ctenophorus, but is most
similar to a different species group which includes C. isolepis, C. maculatus, C. femoralis, C.
fordi, and C. rubens. Horseshoe MAX2 identifies as Tympanocryptis and could potentially be T.
intima, T. cephalus, T. lineata, T. tetraporophora, T. parviceps, and T. uniformis, T. centralis, T.
houstoni, or T. pinguicolla. Based on the stepwise DFA, a statistically significant character to
differentiate the three morphotypes is the dorsal-ventral position of the anterior margin hook tip.
When comparing the groups, they each have a distinctively different hook. Hastings MAX1’s
hook is thin and reduced, Horseshoe MAX2 has a blunt triangular hook, and Horseshoe MAX3
has a tall thin hook; however, the Horseshoe MAX3 specimen pictured does not show this
feature. Another significant character that can be used to distinguish groups is the anteriorposterior position of the posterior edge of the first pleurodont tooth. When comparing groups,
this feature sands out the most in Horseshoe MAX3. This group has a distinct spacing between
the first pleurodont tooth and the PMS. Hastings MAX2 and Horseshoe MAX2 have less space
between the PMS and the first pleurodont tooth; however, it is difficult to distinguish which
group shows more or less of a space. The posterior edge of the first pleurodont tooth was
selected as significant; however, the anterior edge was not selected. This character might show
differences between groups, but it is possible it shows too much variation within groups.
The anterior-posterior position of the posterior edge of the last acrodont tooth is the
highest ranked statistically significant character based on the Wilk’s Lambda value; however, this
feature appears to have too much variation. In many specimens, the posterior maxilla process is
missing, and this could potentially skew the results. Lower ranking statistically significant
characters include: dorsal-ventral position of the ventral base of the JMS process, dorsal-ventral
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position of the ventral alignment with lacromole, and the anterior-posterior position of the
posterior edge of the dorsal maxilla process. The dorsal-ventral position of the ventral base of
the JMS and ventral alignment with lacromole would correlate to maxilla height (excluding the
dorsal maxilla process). Maxilla height (excluding the dorsal maxilla process) appears to vary
amongst specimens, and it is difficult to determine which group is the tallest or shortest. The
anterior-posterior position of the posterior edge of the dorsal maxilla process would correlate to
dorsal maxilla process thickness. Horseshoe MAX2 comparatively has the thinnest process;
however, this feature does show variation.
Comparison of Dentary Morphotypes
When comparing all morphotypes, separation is not too clear between some groups.
Further analyses on overlapping groups show separation; however, the separation is not as
distinct compared to the maxilla morphotype separation. When comparing descriptive characters
and overall morphology, specimens split into groups predominantly based on size. Hastings D3
and Horseshoe D1 both identify to Pogona, but morphologically and descriptively they are
similar. The PCA and stepwise DFA both show some separation. Specimen JER 35b is isolated
in the PCA, and does not closely group with either morphotype. Without a larger sample size, it
is difficult to conclude whether this isolated specimen is within the natural variation. Stepwise
DFA determined two significant characters to be statistically significant when comparing
Hastings D3 and Horseshoe D1: the dorsal-ventral position of the anterior edge of the last
acrodont tooth (which would imply differences in posterior dentary height) and the dorsal-ventral
position of the anterior origination point of the dental sulcus (which would imply differences in
anterior dentary height). When comparing the two morphotypes, consistent differences in these
characters are difficult to distinguish. Statistically there is a difference between Hastings D3 and
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Horseshoe D1, but this cannot be confirmed by their morphology.
Hastings D1 and Horseshoe D2 identify as Ctenophorus and Tympanocryptis
respectively. The PCA and stepwise DFA show separation; however, there is overlap.
Statistically significant characters are anterior-posterior position of the posterior region of the
dental sulcus (which correlates to differences in acrodont tooth row length), dorsal-ventral
position of the posterior edge of the last acrodont tooth (which implies differences in posterior
dentary height), and the anterior-posterior position of the posterior edge of the first acrodont
tooth (which also correlates to differences in acrodont tooth row length). Differences in the
acrodont tooth row are apparent when comparing the two morphotypes; Horseshoe D2 has a
noticeably longer dentary and more acrodont teeth. There is no distinct difference in the
posterior dentary height when comparing the groups. Both have a similar range in posterior
dentary depth (height/width) ratio, and both show no to minimal dental sulcus curving. In the
stepwise DFA analyses, Hastings D2 was excluded due to its morphological and taxonomical
ambiguity a well as small sample size. In the PCA analyses, which included Hastings D1,
Hastings D2, and Horseshoe D2, Hastings D2 specimen JER10 groups close with Hastings D1,
and it’s likely this specimen belongs to the Hastings D1 morphotype. Hastings D2 specimens
JER8a and JER8b group away from the majority of the Hastings D1 data points, but close to the
Horseshoe D2 data. The taxonomical identification of specimens JER8a and JER8b is still not
clear.
Implications of Past Ecology and Climate and Possible Sampling Bias
Based on the morphotype identifications, changes in species presence over time cannot be
concluded; as a result, conclusions about past ecology and climate also cannot be made. Each
morphotype matched a species in the locality area today, but identification included several other
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potential species.

In the Jurien Bay area, Pogona minor, Ctenophorus nuchalis, and

Ctenophorus maculatus are all present today. From Hastings Cave, specimens closely match
these aforementioned species; however, based on Hocknull’s (2002) descriptions, each species
belongs to a grouping which consists of multiple species that have similar morphology. It is
possible the morphotypes are a different species that is not found in the area today. Similarly, in
the Nullabor today, Pogona nullabor, Tympanocryptis houstoni, and Ctenophorus maculatus, are
all present, and specimens from Horseshoe Cave identify closely with these species groups.
Since each group contains several species, Horseshoe Cave morphotypes could possibly be one
of the species not occurring in the area today. To identify each morphotype to species level,
diagnostic characters will need to be determined amongst species in each Hocknull (2002)
species groupings.
At each locality, taxonomic diversity from the past is less compared to today. It is
possible other species were around, but their fossil remains are not present in the caves. There is
a potential selecting bias occurring, where only particular species are being preyed upon,
possibly due to behavior (when active, where they sleep). Hastings Cave death assemblage is
strongly biased towards small animals (e.g., small mammals described by Baynes 1984). Based
on the remains, and high quality preservation, the primary predator may have been owls. If this
is the case, prey animals were likely captured within a 20 km radius of Hastings Cave (Baynes
1984). Horseshoe Cave contains some large fauna, such as Thylacinidae (Archer 1974). The
smaller mammals and vertebrates have not been the focus of Horseshoe Cave studies, and the
exact cause of death is not known. Both Horseshoe and Hastings cave contain a particular size
range of specimens, and interestingly, morphotypes that identified to be Ctenophorus or
Tympanocryptis were generally adults or sub-adults, while the Pogona morphotypes were
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juvenile.

Smaller bodied specimens are possibly present, but they may slip through during the

screening processes. Larger specimens are not present at either site, which matches the known
predator type at Hastings Cave, but Horseshoe Cave remains unknown.
Future Studies
Before answering bigger questions about Australian agamids and other squamates, such
as climate effects, ecological shifts, and evolution, species identification of the fossils must be
achieved. For proper identification, further studies on extant morphology need to be conducted.
Having large sample sizes of each species is necessary to find truly diagnostic characters. Using
statistical analyses comparing large samples of extant taxa would be an effective method for
finding diagnostic characters that may have been over looked. In squamate lizard studies, the
maxilla and dentary bone are used for identification; however, it is possible other isolated cranial
bones may show diagnostic features, and should be examined. Once identification is possible for
Australian agamids and other lizards, more fossils should be excavated from Hastings and
Horseshoe Cave, as well as other cave and Quaternary micro-vertebrate sites. By studying a
variety of localities, in both the Nullabor and Jurien bay, missing species may be discovered, for
a more comprehensive list of occurrences.
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CHAPTER 6
CONCLUSIONS
Specimens were successfully grouped into morphotypes based on overall morphology.
From Hastings Cave there were two maxilla morphotypes and three dentary morphotypes, and
from Horseshoe Cave there were three maxilla morphotypes and two dentary morphotypes.
Almost all morphotypes were identified to the generic level and several groups were identified to
a variety of potential species. From Hastings Cave, MAX1 identified to be a juvenile Pogona,
MAX2 was juvenile to sub-adult Ctenophorus (C. nuchalis species group), D1 was Ctenophorus
(possibly several species groups but most similar to adult C. maculatus species group), D2 could
not be identified, and D3 was juvenile Pogona. From Horseshoe Cave, MAX1 identified to be
juvenile Pogona, MAX2 was sub-adult to adult Tympanocryptis (potentially any species), MAX3
was sub-adult to adult Ctenophorus (C. maculatus species group), D1 was juvenile Pogona, and
D2 was sub-adult to adult Tympanocryptis (potentially any species).
Each morphotype was validated by a set of unique characters and by morphometric
analyses. Maxilla groups were distinct in terms of diagnostic characters, and the PCA and
Stepwise DFA showed clear separation. Dentary groups were not as distinct, and the PCA and
Stepwise DFA showed separation; however, it was not clear. Examining extant Australian
agamids and comparing them with the fossil specimens was helpful for fossil identification as
well with distinguishing adults from juveniles. Currently, exact species identification is not
possible and each morphotype is potentially a species occurring in the area today. As a result, no
conclusions about ecology or climate can be made at this time.
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